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Abstract. Two experiments were conducted to evaluate the effect of sea salt salinity on germination and growth of 
cherry tomato. Reduction in percent germination and delaying was found with increasing salinity, while complete 
inhibition recorded beyond 0.9% (ECiw = 12.9 dSm
-1
). The plants were grown in different concentrations of sea salt 
(0%, 0.2% and 0.4%) in clay pots having sandy loam soil. The mulch treatments were non-mulch control (NM), 
mulch alone (M) and mulch+KNO3 (MK).  Increasing salinity of irrigated water substantially reduced vegetative 
and reproductive growth of cherry tomato plant under non-mulch treatments (S2 > S1 > C). The significant 
improvement in growth parameters was recorded due to mulch treatments under both non-saline and saline water 
irrigation. Comparatively higher growth and fruit yield was obtained under MK followed by M treatments (MK > 
M > NM). Leaf ionic content showed an increased Na
+
 under salinity while, greater decreased in K
+
 as compared to 
control. Application of mulch treatments, M and MK both revealed decreased leaf Na
+
 and increased K
+
 under 
salinity. It is suggested that application of organic mulch (M and MN) to the soil surface increase growth and yield 
of the plant and improve salinity tolerance mechanism in plants.  
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Introduction 
Salinity is an important impediment in agriculture in 
Pakistan. Total area of Pakistan is about 79.61 Mha 
(million hectares), out of which 22 Mha is cultivated 
and more than 60% of soil is sodic mainly due to 
high concentration of Na
+ 
(Plaut, 1993). 
Additionally, the shortage of good quality water 
lessens the productivity of agriculture. The salinity 
affects the plant growth and development by means 
of reduction in germination, vegetative and 
reproductive growth and imbalance in physiological 
and biochemical processes (Munns and Tester, 2008, 
Saeed and Ahmad, 2009). Under the ionic stress of 





tissues which cause ionic imbalance and cause tissue 
injury. Higher Na
+
 intake inhibit K
+
 uptake which is 
an essential macro element for plant growth and 
development (de la Peña and Hughes, 2007). 
Mulching with inorganic and organic materials is 
known practice to conserve moisture content and 
improve plant growth. Improved growth and yield of 
tomato at saline soil with application of straw mulch 
by increasing soil organic matter and available N, P, 
and K has been reported by Maomao et al (2014). 
Amended mulches with macro/ micro nutrients and 
some of the sodium antagonistic agents helpful in 
agriculture (Patra et al., 1993 and Koirr et al., 2006). 
Due to the high nutritive value, tomato (Solanum 
lycopersicum L.)  is a most common food throughout 
the world. It is documented that small size cherry 
tomato (S. lycopersicum L. var. cerasiforme) is 
comparatively more salinity resistant to the normal 
fruited tomato (Caro, et al., 1991). 
Main objective of the present study is to cultivate 
cherry tomato by using saline water for irrigation and 
evaluate the effectiveness of the mulch developed 
from the waste materials (such as sawdust and grass 
clippings) with and without use of sodium 
antagonistic elements for improving growth and 
yield of the plant under salinity. 
Material and Methods 
Experiments were conducted at the Biosaline 
Research Laboratory and Nursery, Department of 
Botany, University of Karachi.  
Germination experiment 
Seeds of cherry tomato (S. lycopersicum L. Var., 
Cerasiforme) (POMODORO) of USA were surface 
sterilized with 0.2% hypochlorite and thoroughly 
washed by distilled water three times and soaked for 
an hour. Ten seeds were placed on filter paper lying 
in pre-autoclaved Petri plates (9 cm diameter). The 
filter paper was moistened with distilled water for 
control and saline solutions (prepared by dissolving 
the sea salt of Arabian Sea in distilled water to 
obtained desired ECiw dSm
-1
 (Table 1). Three 
replicates were maintained for each treatment. 
Protuberance of the radical indicated the seed 
germination which was recorded daily for 10 days 
(ASP).  FPG and tolerance level at 50% growth 
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reduction (TL50) was calculated. TL50 was calculated 
by the following formula adduced by Davis et al., 
(1972). 
TL50 = C1 + [(C2 – C1) (50 – P1)] / (P2-P1) 
Where C1 = highest concentration giving less than 
50% growth reduction, C2 = lowest concentration 
giving more than 50% growth reduction,  
P1 = % of growth at C1 and P2 = % of growth at C2. 
Growth experiment 
Five surface sterilized seeds of cherry tomato were 
sown in each clay pot (30 cm diameter and 30 cm 
deep with basal hole), having 20 Kg of sandy loam 
and cow dung mixture (9:1). Each pot was irrigated 
with 3.5 liter of respective solutions ensuring about 
40% leaching fraction as to maintain soil ECe equals 
to that of ECiw. Thinning of seedlings was done 35 
DAG by leaving a single well-developed seedling of 
similar vigor in each pot and saline water irrigation 
and mulch treatments were started. Mulch (M) was 
prepared by mixing of grass clippings (Cyanadon 
dactylon) and Cedar wood sawdust (Cedrus deodara) 
in ratio of 1:2 and kept wet for 30 days before use in 
experiment. MK mulch was developed by the 
addition of sodium antagonistic chemical (KNO3 : 
2g/kg mulch ) in the mulch. Soil surface was covered 
by 4 inch thick layer of the mulch. There were 3 
mulch treatments included, non-mulch as control 
(NM), mulch (M) and mulch with KNO3 (MK); and 
three salinity treatments, non-saline control, 0.2% 
and 0.4% sea salt solutions referred as C, S1 and S2 
respectively. Saline water irrigation was started with 
gradual increase in EC to reach the respective 
salinity level, and tap water was used as non-saline 
control. There were 3 replicates for each salinity and 
mulch treatments.  
Soil analysis 
Soil chemical characteristics were determined as, 
total nitrogen by Kjeldahl (AOAC, 2005), 
phosphorus by Vanado-Molybdate-Yellow method 
(Jackson, 1962), Sodium and potassium by flame 
photometer (Chapman and Pratt, 1982), organic 
matter was estimated by loss on ignition (LOI) 
(Nelson and Sommer, 1996) and 1.724 conversion 
factor was used to convert OM in to organic carbon 
content (table 2). 
Plant material and rhizosphere  
Vegetative and reproductive attributes: Shoot 
height, number of branches, number of leaves, fresh 
plant biomass and dry plant biomass was recorded 
after 90 DAS. Number of fruits per plant, 
circumference of each fruit and total yield (total 
weight of all fruits) per plant was recorded starting 
from initial fruit setting till final harvest. Reduction 
over non-saline control (ROC) and promotion over 
non mulch control (POC) for treatments were 
calculated by using following formulae, 
ROC = 1 - (Salt Treatment / Non-Saline Control) × 100 
POC = 1 - (Mulch Treatment / Non Mulch Control) × 100 





 content in leaves was determined in 
digested leaves’ ash in 2 N HCl (Chapman & Pratt, 
1982) by Flame Photometer (JENWAY PFP7). 
Salinity of Rooting Medium 
EC of saturated soil (ECe) under vacuumed filtration 
was taken separately before and after saline water 
irrigation (Richards, 1954) by 4510-JENWAY 
conductivity meter. Mulch was soaked separately in 
distilled water for one day and then filtrate was 
collected under vacuum suction pump before and 
after growth experiment. EC of the saturated extracts 
was recorded by 4510-JENWAY conductivity meter 
and referred as ECm.  
Statistical Analysis 
The experiment was in randomized complete block 
design. Two-way ANOVA was employed to analyze 
the data (SPSS, Ver 16). Least significant difference 
(LSD0.05) was calculated for comparison of 
treatments. 
Results and Discussion 
Effect of salinity on germination 
Data presented in Fig. 1 showed decreased 
germination under increasing ECiw. Non-saline 
control revealed highest germination percentage at 
6
th
 day of sowing. On the other hand, the delaying in 
seed germination was recorded under increasing 
salinities of the solutions. After ten days under saline 
conditions, 54% tomato seed germinated up to 8.6 
dSm
-1
 and further increase in ECiw (i.e., at 10.1 dSm
-1
 




, only 3% seed germination was 
recorded even after ten days. The results were 
supported by other scientists (Jamil, et al., 2012; 
Ahmad et al., 2010 and Saeed et al., 2014). Delayed 
germination and decreased germination percentage 
were also recorded by Kaveh, et al, (2011) in tomato 
lines by increasing salinity from 2.5 dSm
-1
 to 10 
dSm
-1
. Delaying in seed germination under salinity is 
an important avoidance mechanism from osmotic 
shock under saline conditions (Karajol and Naik, 
2011). 
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Fig. 1. Effect of Sea salt solutions on percent seed 
germination of cherry tomato 
Salinity status of rhizosphere under mulch 
treatment 
Data presented in Table 2 & 3 showed EC of non-
amended and amended mulch prior and after 
irrigation (at harvest) of various sea salt 
concentrations. Comparatively, higher EC values 
were observed even after irrigation with non-saline 
water (ECiw = 0.5dSm
-1
) in mulch spread on the 
surface of soil. ECe values of the soil beneath the 
mulch were lower under mulch treatments (M and 
MK) as compared to non-mulch control under saline 
water irrigation. These results are in agreement to 
Abro et al., (2007). Aragüés et al., (2014) recorded 
the lowering of soil salinity by 76% due to organic 
mulch over bare soil.  
 
Table 1. ECiw (dSm
-1
) of sea salt solutions used to study the percent germination of seeds in Petri plates. 
 
0% 0.1% 0.2% 0.3% 0.4% 0.5% 0.6% 0.7% 0.8% 0.9% 1.0% 
0.5 1.7 2.8 4.2 5.4 6.9 8.6 10.1 10.8 12.9 14.2 
 
Table 2. Physicochemical characteristic of rhizosphere (Mulch and Soil). 
 
Material Depth Texture 
EC 
dS/m 





Soil 0-30 cm 
Sandy 
loam 
1.4 7.1 2.0 0.84 0.93 0.65 2.2 
M 10 cm - 1.13 7.05 21.6 4.5 0.21 0.32 0.36 
Mk 10 cm - 1.4 7.3 33.4 25.2 0.33 0.56 0.28 
 
Table 3. EC (dsm
-1
) of the saturated mulch and soil extracts after irrigation of various salinity levels. 
 
Treatments Control (C) 
S1 
(0.2% Sea salt) 
S2 
(0.4% Sea salt) 
NM Soil 1.6 5.3 6.9 
M 
Soil 1.2 3.3 5.2 
Mulch 1.4 2.6 3.7 
MK 
Soil 1.4 3.9 4.7 
Mulch 1.9 2.8 4.9 
 
Effect of salinity and mulch treatments on 
vegetative growth 
The TWO WAY ANOVA (Table 4) showed 
significant (P<0.001) reduction in vegetative 
attributes (shoot height, number of branches & 
leaves, fresh and dry biomass) under increasing sea 
salt salinity in irrigation water (Fig 2). Reduction 
over non-saline control (ROC) was calculated (Table 
5) as shoot height (8.8%; 19.6%), number of 
branches (50%; 66.6%), and number of leaves 
(16.67%; 36.96%), fresh and dry vegetative biomass 
(10.8%; 22.5%) under both the salinity treatments 
(S1 and S2, respectively). Similar results were 
reported by other scientists in tomatos (Esfandiari et 
al., 2011, Saeed and Ahmad, 2009) and sugar beet 
(Ghoulam et al., 2002). The inhibitory effects of 
salinity in present study were found to be minimized 
due to application of mulch treatments (M and MK). 
Mulch (M) showed 24% increase in height of the 
plant under non-saline control whereas, about 12% 
and 14% promotion was recorded under S1 and S2, 
respectively. Fresh and dry biomass of cherry tomato 
was also improved with application of mulch under 
salinity treatments. Comparatively, larger promotion 
was observed in vegetative growth of plants grown 
under MK than that of M under all salinity regimes 
(Table 5). Our results were in accordance with 
Aragüés et al. (2014), Maomao et al. (2014) and 
Saeed and Ahmad (2013, 2012). 
 








Fig. 2 Vegetative growth parameters under treatment of mulch (M) and mixture of KNO3 and mulch (MK) in Cherry 
Tomato grown under irrigation water of two different sea salt concentrations Control, ECiw = 0.5 dSm
-1, S1 (0.2%) 
ECiw = 2.8 dSm




Table 4. Percent reduction (-ve values) in salinity treatments and promotion (+ve values) in mulch treatments over 

























Control NM The values are considered as 100% for comparing the results of treatments 
(0% Sea Salts) M 24.23 16.67 9.42 21.57 24.41 34.24 6.2 64.17 
ECiw = 0.5 dS/m MK 30.69 33.33 35.51 42.91 44.03 89.11 12.5 154.91 
S1= 0.2% NM -8.88 -50 -16.67 -10.57 -10.88 -15.56 -18.7 -8.261 
Sea Salt Soln, M 12.07 66.67 23.48 23.8 22.14 13.82 7.6 20.426 
EC iw = 2.8 dS/m MK 20.46 100 40 37.42 48.17 80.18 23 23.507 
S2= 0.4% NM -19.66 -66.67 -36.96 -22.9 -22.58 -36.57 -25 -36.957 
Sea Salt Soln, M 14.55 33.33 24.14 8.23 26.23 31.28 16.6 30.758 
EC iw = 5.4 dS/m MK 18.36 150 47.13 20.37 35.28 74.85 16.6 43.103 
 
Table 5. LIC (Leaf ionic content) of cherry tomato under salinity and mulch treatment. 
Salinity 
Control (0% Sea Salts) 
ECiw = 0.5 dSm-1 
S1= 0.2% Sea Salt 
EC iw = 2.8 dSm-1 
S2= 0.4% Sea Salt 
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Effect of salinity and mulch treatments on 
Reproductive Growth 
Significant reduction in reproductive growth and 
fruit yield was evident under raising salinity level of 
irrigation water (Fig. 3). Reduction in number of 
fruits per plant (15.5%; 36.5%), fruit circumference 
(18.7%; 25%), total fruit yield per plant (8.2%; 
36.9%) was recorded under S1 and S2 treatments 
respectively over non-saline control (Table 5). Over 
all plant yield was reduced due to restricted 
vegetative growth under salinity stress was also 
reported by Läuchli and Grattan, 2007 in rice and 
wheat & Saeed and Ahmad, 2009 in F1 tomato. Ezin, 
et al., (2010) have reported reduction in vegetative 
and reproductive yield of six genotypes of tomato 
under increasing concentrations of salinity up to 200 
mM NaCl at sandy soil.   
Fruit yield improved by application of organic 
mulch (M and MK) under both non-saline as well as 
saline water irrigation (Fig. 3). Promotion of yield 
over non mulch control were calculated and 
presented in table 5. The application of organic 
mulch (M and MK) compensated the hazardous 
effects of salinity. Increased number of fruits (34.2%, 
13.8% and 31.2%), total fruit weight (64.1%, 20.4% 
and 30.8%) per plant with mulch treatments (M) 
under different salinity levels (C, S1 and S2, 
respectively). Comparatively greater promotion was 
recorded by MK treatment under all salinity levels in 
irrigation water. Table 5 revealed increased number 
of fruits (89.1%, 80.1% and 74.8%) and total fruit 
weight (154.9%, 23.5% and 43.1%) per plant under 
various salinity in irrigation water (C, S1 and S2) 
respectively. Azeem and Ahmad (2011) reported that 
foliar application of K resulted in increased fruit 
yield of tomato under salinity. The promotion in fruit 
yield in terms of number and weight even under 
saline conditions is evident to offsetting the toxic 
effect of salinity by mulch which slowly release 
sodium antagonistic elements and other minerals to 
the soil and also prevent capillary rise of salts to the 
soil surface. Our results are in accordance with the 
work of other scientists (Saeed and Ahmad, 2013; 
Al-Rawahy, et al., 2011, Zhang et al., 2009 and Kar 
and Kumar, 2007).  
 
 
Fig. 3 Reproductive growth parameters under treatment of 
mulch (M) and mixture of KNO3 and mulch (MK) in 
Cherry Tomato grown under irrigation water of two 
different sea salt concentrations Control, ECiw = 0.5 dSm
-1, 
S1 (0.2%) ECiw = 2.8 dSm
-1 and S2 (0.4%) ECiw = 5.4 
dSm-1.. 
Leaf ionic content analysis (LIC) 
Table 6 showed increased sodium (mEq /gDwt) 
under raising salinity of rhizosphere and decreased 
level of potassium (mEq /gDwt) under NM 
treatments. The results were supported by other 
scientists (Dadkhah and Grrifiths, 2006). Mulch 
treatments (M and MK) revealed balancing the ionic 
content under all salinity regimes. Comparatively 
greater reduction of sodium ions was noted under 
MK treatment than M over NM control. Significant 
reduction in potassium content was found under 
salinity treatment. Comparatively, greater reduction 
was noted under lower salinity level. Application of 
mulch significantly decreased the K content in leaves 
under non-saline condition.  Increased K content was 
found in Mulch (M), whereas, application of 
Mulch+KNO3 (MK) significantly increased the K 
content under saline conditions.  Similar decreasing 
pattern of K content was found in F1 AVINASH 
tomato variety (Saeed and Ahmad, 2012 & 2009).    
 It is concluded from the present study is that 
organic mulch helped in offsetting the hazardous 
effects of salinity and improve salt tolerance in 
plants. It would be hypothesized that the raising level 




 ions in leaves of cherry tomato plant restricted 
the absorption of Na
+
 ions under mulch treatment 
with sea water irrigation. The organic mulch 
developed from the grass clipping (Cyanodon 
dactylon) and cedar wood sawdust (Cedrus deodara) 
(wastes from lawns and wood works) alone or 
amended with KNO3 may be recommended to grow 
plants under saline water irrigation.  
 
Table 6. Analysis of variance (ANOVA) at LSD0.05, F-values followed by significance levels as, P<0.01*, 







ASP      = after seed placement 
DAG      = Days after germination 
DAS       =  Days after sowing 
FPG      = Final percent germination 
ECe      =  Electrical conductivity of saturated  
soil extract 
ECm       =  Electrical conductivity of saturated  
mulch extract 
ECiw       =  Electrical conductivity of irrigation  
water  
Unit of EC  = dS/m or dSm
-1
 
Control (C) =  Irrigated with non-saline water  
  (ECiw 0.5 dSm
-1
)   
S1       =  Irrigated with 0.2 % sea salt  
  solution (ECiw 2.8 dSm
-1
) 
S2       =  Irrigated with 0.4 % sea salt  
solution (ECiw 5.4 dSm
-1
)  
NM       = without mulch or Non-mulch 
M      = Mulch only  
MK      = Mulch mix with KNO3  
OM           = Organic matter 
ROC      = Reduction over non-saline control 
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